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(57) Abstract: 

PROBLEM TO BE SOLVED: To repair oxygen deficiency 
without causing ion damage, by a method wherein, when 
a tantalum oxide film is heat-treated in an oxidizing 
atmosphere, the heat treatment is performed by 
irradiating the tantalum oxide film with atomic state 
oxygen. 

SOLUTION: A radical source 1 which can produce 
electrically neutral oxygen radicals by RF electrodeless 
discharge is introduced. By applying high frequency 
power of 13.56MHz to an RF coil 2, discharge is caused 
in oxygen in a discharge tube 3. Gas molecules which 
have generated plasma discharge dissociate as a result 
of collision against the inner wall of the discharge 
tube 3, and turn to active atomic state oxygen (oxygen 
radicals). A specimen 6 is irradiated with the oxygen 
radicals which are released in a vacuum chamber from 
small holes of an aperture plate 4. Ion concentration in 
oxygen radicals decreases. Heat treatment temperature 
at 300°C or higher is effective. Oxygen deficiency 
repairing effect increases as the temperature becomes 
higher. Heat treatment is performed at 600°C or lower 


for at most 10 minutes. Oxygen deficiency can 
repaired without causing ion damage in a Ta 2 0 5 film. 
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Partial Translation of Japanese Patent Application Laid Open 
No. 9-64307 ( JP-A-9-64307 ) 

[0002] 

[Prior Art] As a capacitive insulation film for a 

semiconductor memory device, a study has been made to use Ta 2 0 5 
(tantalum pentoxide) which is an insulation film having high 
dielectric constant. In this case, since it is desired to 
form the Ta 2 0 5 on an electrode of three-dimensional structure, 
chemical-vapor deposition method using a organic compound of 
tantalum (i.e., penta-ethoxy tantalum) as a raw material is 
used. However, at the time when the Ta 2 0 5 film was formed, 
there are a lot of oxygen defects and carbon impurities mixed 
from the raw material, and leak current is extremely great, 
and therefore thermal processing after the film is 
indispensable . 

[ 0003 ] In order to recover the oxgen defects and to remove 

the carbon impurities, it is usually necessary to carry out 
the thermal processing in an oxygen atmosphere at 700°C or 
higher. However, the Ta 2 0 5 film is crystallized at a 
temperature of 700°C or higher, and the leak current is 
increased due to grain boundary. Thereupon, to effectively 
recover the lack of oxygen even at a low temperature (700°C 
or lower), a thermal processing method in an active oxygen 
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atmosphere has been studied. For example, a thermal 
processing method has been devised (UV ozone thermal 
processing method). In this method, molecules of oxygen are 
previously excited into ozone by plasma and transported into 
a thermal processing chamber, and the ozone is exited by 
low-pressure mercury lamp in the processing chamber to 
generate oxygen radical. 

[0005] 

[Problem to be Solved by the Invention] Fig. 2 shows an 
example of a typical apparatus for the UV ozone thermal 
processing method. Molecules of oxygen are previously 
excited into ozone by plasma and transported into a thermal 
processing chamber, and the ozone is exited by low-pressure 
mercury lamp in the processing chamber to generate oxygen 
radical . In order to sufficiently recover the oxygen defects , 
it is necessary to increase a thermal processing temperature. 
However, since ozone is easily dissociated into molecules of 
oxygen at 300°C, if a temperature of a substrate at the time 
of the thermal processing is increased higher than 300°C in 
this method, the effect of recovery of oxygen defects becomes 
small. Therefore, a method capable of carrying out the 
thermal processing at a higher temperature is required. 
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[0008] 

[Means for Solving the Problem] To solve the above two 
problems , an oxygen radical thermal processing method has been 
devised. In this method, atomic oxygen (oxygen radical) 
which is electrically neutral is generated by RF electrodeless 
discharge, and heated Ta 2 0 5 film is irradiated with the atomic 
oxygen. Using this thermal processing method, the oxygen 
defects can be recovered without generating ion damage in the 
Ta 2 0 5 film. Further, since oxidizing force with respect to 
carbon is strong, carbon in the Ta 2 0 5 film can be oxidized and 
removed even at a temperature of 700°C or lower, and carbons 
remained in the film is brought into a bonded state which is 
not easily be cut off. Therefore, it is possible to formed 
a Ta 2 0 5 film whose leak current is not increased greatly even 
the film is subjected to the thermal processing of about 450°C 
after capacitor is formed. 

[0010] 

[Embodiment] Fig.l shows a thermal processing apparatus 

for carrying out the present invention. The apparatus 
comprises a sample stage 5 having a substrate heating heater, 
and a line for introducing oxygen gas. A flow rate of oxygen 
is controlled by a mass flow controller. The apparatus also 
comprises a turbo molecular pump and a rotary pump as an 
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exhaust system, and the exhaust system can exhaust gas up to 
1(T 8 Torr. The apparatus also comprises a radical source 1 
capable of generating electrically neutral oxygen radical by 
RF electrodeless discharge. Oxygen is introduced into a 
discharge tube 3, and high frequency electricity of 13.56 MHz 
is applied to an RF coil 2, thereby allowing the oxygen in 
the discharge tube to discharge electrically. The molecules 
of gas which experienced plasma discharge are dissociated into 
active atomic oxygen (oxygen radical) by collision against 
an inner wall of the discharge tube, and are injected into 
a vacuum chamber through a small hole (0.5 mm) of an alumina 
aperture plate 4, and directed onto a sample 6. 


[01] 


[Fig.l] 
0 2 gas 

i 

1* -oxygen radical source 

2 — RF coil 

3 -"discharge tube 

4 -aperture place 

5- -sample stage 

6"-sample 
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-* exhaust 

5 " sample stage 
6**'sample 

T^'plasma generator 

8*"low pressure mercury lamp 
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